PCR Conditions and DNA Denaturants
Single-strand conformation polymorphism (SSCP) is a mutation screening method based on changes in the secondary structure(s) in a defined single-stranded DNA fragment caused by a change in sequence (1) . These structural changes are detected as alterations in the fragment mobility by native gel electrophoresis. The method is one of the easiest screening procedures to perform, is very cost effective, requires a minimum amount of equipment, and has a reportedly high mutation detection rate (95% for some genes (2) ). Although SSCP is fast and simple, problems with the reproducibility of the technique have been a major hindrance. Several variables of gel electrophoresis conditions have been tested (2) (3) (4) , but studies have focused on the detection of mutations and not on the reproducibility of the SSCP band pattern. Analytical steps performed before electrophoresis may affect this reproducibility. The variables can be classified into two groups: PCR reaction conditions and post-PCR conditions. Neither of these variables have been adequately investigated. We investigated the concentrations of MgCl 2 , the DNA template, and the PCR primers in the PCR reaction, as well as the choice and concentrations of chemical denaturants.
Eleven DNA samples from patients with characterized mutations in the breast cancer gene BRCA1 were obtained from Coriell Cell Repositories (Camden, NJ). The Coriell catalog numbers for the DNA samples were NA13708 -15, NA14090, NA14093, and NA14097. Samples of DNA specimens from women with no known history of breast cancer were used as controls and were collected according to institutional guidelines approved by the Committee on Human Ethics. PCR products were obtained using Ready-To-Go PCR beads (Amersham-Pharmacia Biotech). In our standard 25-L reaction volume, 50 ng of genomic DNA and 50 ng of each primer were used. To amplify the BRCA1 mutation Glu1250ter, we used the primer set 11.15 of Castilla et al. (5) . All other primers were as specified by Friedman et al. (6) . Amplification was performed on a PTC 200 thermal cycler (MJ Research), using 35 cycles of 94°C for 30 s, 58°C for 30 s, and 72°C for 1 min.
For SSCP analysis, aliquots of the PCR products (1-2 L) were mixed with 3-4 L of 24% formamide-0.025% bromphenol blue-0.025% xylene cyanol for a total volume of 5 L. Samples were heated at 100°C for 3 min, snap-chilled on ice, and loaded onto a 12.5% polyacrylamide gel (GeneGel Excel 12.5/24 kit, Amersham-Pharmacia Biotech). Electrophoresis was carried out at 10°C, with maximum settings of 600 V, 25 mA, and 15 W for 2-2.5 h on the GenePhor System (Amersham-Pharmacia Biotech). The gels were silver stained with the Hoefer Automated Gel Stainer and the Plus One DNA Silver Staining kit (Amersham-Pharmacia Biotech) according to the manufacturers' procedures.
Three variables in our PCR reactions were changed as follows. The MgCl 2 concentration was increased from 1.5 mmol/L to 3, 4.5, or 9 mmol/L. The DNA template concentration was either 10, 25, 100, or 500 ng. Primer concentrations were either 25, 50, or 100 ng of each primer. The results from these experiments are summarized in Table 1 .
Increasing concentrations of MgCl 2 had no substantial effect on the SSCP banding pattern, even at a concentration of 9 mmol/L. Although the band pattern did not change at high MgCl 2 concentrations, the SSCP bands were much sharper at lower concentrations of MgCl 2 . The result still suggests, however, that the MgCl 2 concentrations commonly used in PCR reactions do not affect SSCP band patterns. SSCP band patterns were also unchanged even when the DNA template concentration was increased 50-fold, which suggests that this variable also does not have an effect on SSCP patterns.
In contrast to the results of the MgCl 2 and DNA template experiments, SSCP band patterns were markedly different at all three primer concentrations. On the basis of this observation, we performed a series of experiments to examine the effect of excess primers in SSCP analysis in more detail. To eliminate unincorporated primers, we purified the PCR products with a QIAquick PCR kit (Qiagen). The purified product was eluted in 1ϫ TE (10 mmol/L Tris-HCl, 1 mmol/L EDTA, pH 8.0). Forward or reverse primers were added back to the sample before SSCP analysis in multiples of the concentration of primer in the standard aliquot taken for analysis. Thus, the concentration of primer added back to the purified sample is expressed as 0.5ϫ, 1ϫ, or 3ϫ. An unrelated primer (i.e., primer used to amplify a different exon of the BRCA1 gene) and oligo(dT) 18 were also tested. We analyzed three BRCA1 mutations: Ser1040Asn, Lys1443Gly, and Glu1250ter. The results of the experiment with BRCA1 mutation Lys1443Gly are shown in Fig.  1A . The addition of forward or reverse primers had different effects on the SSCP band pattern (the addition of PCR buffer without primers had no effect). This suggests that the effect of excess primer is sequence-dependent. The change in the SSCP band pattern probably results from the interaction between the primer and one or more of the multitude of conformers within the denatured sample. Similar results were seen with the other two BRCA1 mutations studied. Interestingly, in the experiments with the Ser1040Asn and Glu1250ter mutations, we noticed that removal of unincorporated primers before SSCP produced band patterns that were not as sharp as when primers were present. Addition of primers back to the sample, even at 0.5ϫ, generated sharper bands. The presence of unincorporated primers may shift the equilibrium of unstable conformations to more stable biomolecular complexes, reducing or eliminating minor or metastable bands. One could hypothesize that excess primers may improve SSCP pattern formation and potentially increase the ability to differentiate wild types from mutants.
To rule out the possibility that the conformation of primers was mediating the altered mobility, we synthesized a 6-mer and a 12-mer with sequences derived from the 5Ј end of the forward primer. These primers were adjusted to the same molar concentration and added back to the purified product. When these primers were used, only the 12-mer yielded the same pattern as that of the forward primer. These results further support the conclusion that primer-amplicon interaction is an important factor in SSCP analysis.
Although it is clear that excess primers in the PCR reaction can affect SSCP band pattern, other post-PCR variables may affect SSCP band pattern. The use of several denaturants for SSCP has been reported in the literature; each report suggests better results with one class of denaturant compared with another. To investigate whether denaturant concentration and class had any influence on SSCP patterns, we tested serial dilutions of several denaturants: 95% formamide, 100 mmol/L NaOH ϩ 10 mmol/L EDTA, methylmercuric hydroxide, dimethyl sulfoxide (DMSO), and 1ϫ TE. We found that the choice of denaturant had a minimal effect on the SSCP (A) The effect of primers on SSCP band pattern was sequence-dependent . Forward, reverse, or unrelated primers or an oligo(dT) 18 primer were added back to the purified PCR product. The concentration of primer added is expressed as a multiple of the concentration in our standard PCR reaction as indicated. Samples were loaded onto a 12.5% polyacrylamide gel and electrophoresed at 600V, 25 mA, and 10 W for 2.5 h. (B) Omission of the snap-chill step after heat denaturation had no effect on SSCP band pattern of six BRCA1 mutations tested. The PCR products were mixed with 24% formamide-0.025% bromophenol blue-0.025% xylene cyanol and either denatured at 100°C for 3 min and snap chilled for 5 min or denatured and loaded directly onto a 12.5% polyacrylamide gel. Samples were electrophoresed at 600V, 25 mA, and 10 W for 2.5 h. (C) SSCP-heteroduplex analysis of 11 BRCA1 mutations. PCR products were obtained using Ready-To-Go PCR beads (Amersham-Pharmacia Biotech). In the 25-L reaction, 50 ng of genomic DNA and 75 ng of each primer were used. One or two microliters of each PCR reaction were mixed with 24% formamide-0.025% bromophenol blue-0.025% xylene cyanol, denatured at 100°C, and electrophoresed on a 12.5% polyacrylamide gel at 10°C for 2 h 15 min. For mutations Tyr1564ter and 5382insC, the electrophoresis run was extended to 3 h because of the larger size of the fragments. The mutations, exon location, and primer set used are indicated at the top. Lane 1 is the ⌽X-174 HaeIII DNA molecular weight marker.
patterns of BRCA1 mutations. In fact, the SSCP patterns did not differ from the pattern obtained with 1ϫ TE, suggesting that strong denaturants are not necessary for sample denaturation. A similar result using a low ionic strength buffer for denaturation before SSCP analysis has also been reported (7) . It should be noted that at high concentrations of methylmercuric hydroxide and DMSO over-denaturation of the DNA occurred and caused smeared bands.
The final variable that we investigated was snap-chilling after denaturation. This step is found in 99% of all SSCP protocols published, suggesting that it is essential for successful SSCP analysis. We tested this hypothesis, using six known BRCA1 mutations. For each mutation, the product was either heated for 3 min at 100°C and snap-chilled on ice or heated and loaded directly onto a polyacrylamide gel. Contrary to popular methodology, we found that snap-chilling the denatured sample on ice was unnecessary. No effect on SSCP patterns was seen in the six BRCA1 mutations tested (Fig. 1B) . Similar results were also found when we examined p53 and cystic fibrosis mutations. These results suggest that the refolding of single-stranded DNA occurs rapidly and that it is more stable than previously thought. In addition, we tested the effect of leaving the samples at room temperature for 2.5 h after denaturation in 24% formamide with no snap-chilling. No change was seen in the SSCP band patterns, providing further support that the refolding of single-stranded DNA occurs rapidly and is quite stable.
On the basis of our findings in this study, we analyzed 11 DNA samples containing known BRCA1 mutations. We were able to detect mobility shifts in all 11 samples (Fig. 1C) . In seven of the samples, we could also detect heteroduplexes. Because some double-stranded DNA molecules usually remain in samples prepared for SSCP analysis, they can be used as a confirming feature when both forms of DNA are present in the same sample.
Our data demonstrate that the concentration of primers in the PCR reaction has the largest effect on the formation of specific SSCP patterns and that the effect is sequencedependent. All of the other factors tested had minimal effects on SSCP pattern reproducibility. Thus, our results suggest that variations in primer concentrations in PCR reactions are the most likely cause of nonreproducible SSCP patterns. The role of this carbohydrate moiety in the biological function of SHBG is not known; however, the complete enzymatic deglycosylation of human SHBG has very little effect on the steroid-binding activity (1) . Because estrogens regulate SHBG synthesis, this protein is usually measured to evaluate estrogen status, especially in the biochemical assessment of hirsutism. Other indications for SHBG measurement are promising because high SHBG concentrations are associated with a decreased risk of breast cancer in postmenopausal women (2) and with an increased incidence of hepatocellular carcinoma in patients with cirrhosis (3). Furthermore, in the latter situation, it has been suggested that increased androgen transport through the hepatocyte membrane, via the asialoglycoprotein receptor, might be involved in hepatic carcinogenesis (3) . Determination of desialylated SHBG (dSHBG) is needed to investigate this hypothesis and could be useful in tracking this disease.
Measurements of Total and
Total SHBG is usually measured with a radiometric method using tritiated dihydrotestosterone or with immunoradiometric assay (4, 5) . To our knowledge, procedures for dSHBG determination have never been described. The present study was thus designed to propose two easy ELISA methods for the parallel measurement of SHBG and dSHBG.
Total SHBG was determined with a classical ELISA sandwich assay. Calibration was performed with purified human SHBG obtained from Calbiochem or Eurodiagnostica. Controls were run with sera from Eurodiagnostica and with dSHBG prepared by treatment of SHBG obtained from Calbiochem with agarose-linked Clostridium perfringens neuraminidase (EC 3.2.1.18) from Sigma (6). The sera, collected from in-patients included in a screening program (3) and from healthy donors, were stored at Ϫ25°C. Informed consent was obtained, and blood sampling was performed in accordance with ethical standards. The microtiter plates (Nunc) were coated overnight at 8°C with 100 L of a 1:500 dilution of a 3.4 g/L purified
